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Status of the 4pi Full-Volume Calibration System

The 4pi Group
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March 1, 2003
The “coat hanger” idea

September 16, 2004
Full test of deployment system
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KamLAND 4pi Full-Volume Calibration

Calibration throughout entire detector volume

Position Dependence of Detector Response

Vertex reconstruction Rfit(r,θ,φ)
Event energy E(r,θ,φ)

Fiducial volume:
R < 5.5 m

ΔRFV = 5 cm
             → ΔV= 3%
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Inoue at NOW2004

- KamLAND reactor result systematics limited:

fiducial volume
detector response

- KamLAND will make most precise
determination of Δm12

2 for the foreseeable
future.
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Calibration Pole

Control Cable + Pivot Block

Glovebox System and Deployment
Hardware

II. System Control Software

III. Position Reconstruction

I. Hardware

Off-Axis Calibration System
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Glovebox System and
Deployment Hardware

glovebox extension - penthouse

glove ports

glove ports

motor winch system

pole segments

motors + gears

motors + gears

safety pin block
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Glovebox Axial Support

- provides axial stability
- allows system to rotate
- avoids future problems with
rotary stage
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Glovebox Axial Support
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Motor Drive System

pulleys with position encoders

spools



KamLAND 4pi, LBNL October 6, 2004

Glovebox System and Deployment Hardware
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Encoder and Guide Pulleys

 

- cable 1 behaves as expected
- accuracy of encoder pulleys: < 0.5 cm
- curve fits well the cable length on spool

- cable 2 not used as much, memory
effect from fabrication
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Safety Pin Block

Purpose
     I. Safety block between glovebox and detector.
     II. Used for assembly of pole.
     III. Allows easy retrieval of pole.

safety pin block
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Safety Pin Block

1. prevents pole segments from
dropping into detector
2. operator needs to turn pole
segment when engaged in
safety pin block
3. sliding block allows easy
retrieval of calibration pole
segments
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- mounted on conflat flange

- guides control cables

- rotates to allow pivot block to pass

- provides 3-step safety lock

1

2 3

The New Pin Block
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Pivot Block

An essential part to control
motion of system

Disengaged\
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Pivot Block - FunctionalityFixed control cable

Disengaged

Locked

Movable control cable
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- consists of (1) pivot and (2) clamp

- uses cable clamp, no crimping

- adjustable positioning

Pivot Block - Revisited

version II

version III
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Cable Attachment
- modular
- allows easy replacement of cable
- greater stability and control
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Instrumentation Unit
- prototype completely assembled, being tested
- uses total of 3 wires in control cable

-4 functions: 1. reads out pressure sensor
2. controls LEDs
3. measures temperature
4. Inclinometer and accelerometer

Two 830 nm LEDs

pressure sensor

pressure sensor

thermometer

ADC

thermometer

two 2-axis
accelerometers
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Electrical Connections and Breakout at Cable Ends

Instrumentation unit

Top Cable End Lower Cable End

Instrumentation unit
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Instrumentation of the 4pi System

- temperature
- pressure
- inclination, acceleration
- 830 nm LED

Redundant position information:

1. cable length (encoder pulleys, motor counts) < 0.5 cm

2. depth (3 pressure sensors) < ~1 cm

3. inclination of calibration pole (accelerometers)

4. CCD imaging of IR LEDs
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L. Winslow
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L. Winslow

L. Winslow
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F. Gray, P. Decowski
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F. Gray, P. Decowski
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Materials Qualifications
Principles and Guidelines

• All materials are being tested: - titanium
- stainless 
- teflon 
- nylon
- lucite

 • Samples from any material is tested  as a specific batch out of 
production.

• All parts that enter the inner detector will be soak tested after 
final assembly, testing, and cleaning. - cables

- calibration pole
- instrumentation unit
- pivot block

 • Prior to testing and deployment, all materials and containers
are being cleaned at LBNL, as per UHV standards

(details in document at http://kmheeger.lbl.gov/kamland/4pi/)
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Results from On-Site Counting

Note: Delrin not used in current 4pi system.
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Source Shadowing Effects of the Deployment System

Question:

- What is the shadowing effect of the 4pi system?

- How do we compare data taken with the 4pi and z-axis
systems?

- Can we correct for the shadowing effect in different
deployment systems?

Proposal: 

-Systematic study of source shadowing effects with z-
axis system: Experimental study + simulations.

→ Estimate and corrections of possible source-
shadowing effects in 4pi system.

 

z-axis

4π
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4π Full-Volume Calibration System

- Position dependent shadowing
- Calculate geometric shadowing effect

Minimum Shadowing Maximum Shadowing
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Z-axis System with Extra Shadow

With enlarged z-axis weight of
radius r at distance z we can test
geometric shadowing:

Fractional Shadow
r z πr2/4πz2

1.25 12 0.003 (present)
2” 10 0.01
2.5” 10 0.015
2.5” 8 0.025

geometrical shadow of present
z-axis weight  ~0.003

weight enclosure
(teflon or stainless)

r

z

weight enclosure:
- mounts in same position as z-axis weight
- compatible with LS (teflon or stainless)
- same shape → scales shadowing effect
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Getting There ….

How do we reach the installation of the 4pi system?
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Critical Items, Manpower, and Timeline

1. Completion of mechanical work, fine-tuning system (LBNL)

2. Deployment testing (LBNL + others welcome to join and visit)

3. System review and demonstration (collaboration)

4. Materials Certification (Alabama, Caltech, Mozumi, LBNL)

5. Setting up cleanroom at KamLAND (LBNL, Mozumi)

6. Installation and commissioning

Oct/Nov

Nov/Dec

Nov/Dec

Oct-Dec

Dec/Jan

Jan-Mar
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Clean Handling of 4π System

 

At Berkeley

- Pre-assembly of UHV-cleaned components
at Berkeley before shipment to KamLAND.

- Use existing cleanroom to soak test
cleaned 4pi components.

At KamLAND

-Installation of second, temporary cleanroom
in dome area for assembly and test of 4pi
system before installation.

- Size requirements: ~2x3 m
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Commissioning Schedule

Installation of Hardware

Day  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15

Hardware Tests and Certification

Z-Axis Calibration and Analysis with New Hardware

First Symmetric Off-Axis Calibration

Extended Symmetric Off-Axis Calibration

Critical Decision I Critical Decision IICritical Decision 0
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Commissioning Schedule

Installation of Hardware

Day  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15

Hardware Tests and Certification

Z-Axis Calibration and Analysis with New Hardware

First Symmetric Off-Axis Calibration

Extended Symmetric Off-Axis Calibration

Commissioning and Data Taking

· Don’t expect full-volume calibrations to become routine calibrations.

· Goal is to obtain enough information about fiducial volume and detector response to reduce
dominant systematic errors for the reactor analysis, and to allow us to make most precise
determination of Δm12

2.
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Summary of Present Status
October 2004

http://kmheeger.lbl.gov/kamland/4pi/
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